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Response:
We would like to thank Drs Grau and Buggle for their interest in our article. They raise 2 important issues.
Their first objection may have to do with clarity of the text. We are not suggesting that the weak association refers to the relationship between dissection and the mechanical factors associated with infection, such as coughing, sneezing, or vomiting, but rather, the association between infection and dissection, even when these mechanical stressors are controlled for. Therefore, our article also agrees with the authors that recent infection may be an important risk factor, which is an association noted by others. However, this association may not be very strong. High socioeconomic status may also be an important risk factor and perhaps a subject for additional study; however, we did not identify any case-control studies that have confirmed this relationship.
Regarding the second point, case-control studies are notoriously sensitive to selection bias. Our objection was not whether patients were selectively identified (ie, consecutive), but rather that the control group chosen (ie, cerebral ischemia) may be inappropriate. Quite simply, controls must be a representative sample of the study base and must have an equal chance to develop the target disease as the cases. If not, it is a case of comparing apples with oranges. The mechanism of cerebral ischemia is quite clearly different from dissection, and we suggest that the risk factors may also differ (eg, "vascular risk factors"), which is why we proposed that healthy subjects might be a more suitable control. Otherwise, this may result in a potential overestimation of risk.
Note: This article was originally published online as a "systemic review." However, this was a typographic error and should have read, "a systematic review." Their study demonstrated that the presence of microembolic signals detected during 1 hour of TCD monitoring was an independent predictor of future stroke and transient ischemic attack (TIA). Two major implications were proposed, first that TCD emboli detection could be useful for risk stratification in patients with carotid stenosis and, second, that the technique could be used to assess the efficacy of antithrombotic therapy. In the recently published Clopidogrel and Aspirin for Reduction of Emboli in Symptomatic Carotid Stenosis (CARESS) trial, 2 dual antiplatelet therapy (aspirin plus clopidogrel) resulted in more effective control of microembolic signals than single antiplatelet therapy (aspirin alone). There was an associated reduction in the subsequent prevalence of TIAs and strokes. Similar conclusions were drawn by the authors of both studies, in particular those patients with recent symptoms and emboli should be operated on urgently "wherever possible." However, a recent systematic review of the risks of carotid endarterectomy in relation to both the clinical indication for and timing of surgery has shown that urgent carotid surgery carries a much higher risk (19.2%; 95% CI, 10.7 to 27.8) than elective surgery (odds ratio, 3.9; 95% CI, 2.7 to 5.7; PϽ0.001; 13 studies). 3 Immediately after a TIA or stroke, there is a rise in TCDdetected micoembolic signals. Those patients who continue to embolize are at greater risk of an additional neurological event. 4 Recurrent or crescendo TIA patients represent a particularly high-risk group. It is possible to stop both emboli and additional symptoms in these patients with TCD-directed IV antiplatelet agents, with the dose being incrementally increased until the micoemboli cease. Consequently, it is possible to influence the timing of surgical intervention, allowing patients to undergo carotid endarterectomy safely on the next elective list, 5 avoiding the risks associated with urgent or emergency surgery 3 or the risks associated with delay 6 in patients whose microemboli persist despite oral antiplatelet therapy. 1, 2, 4 In the study by Markus and MacKinnon, 1 the time between index event and assessment was considerably Ͼ72 hours in most of the subjects examined. This leads to the conclusion that some reported strokes could have been prevented. We believe that earlier assessment would show a stronger beneficial influence of TCD-directed antithrombotic therapy followed by surgery when necessary. Microemboli are surrogate markers for the risk of future embolic events. The pharmacological efficacy of therapeutic interventions can now be assessed rapidly, noninvasively, and inexpensively. TCD emboli detection appears to offer an important advance enabling the optimal integration of both medical therapy and the timing of surgery, and the technique should be more widely available.
Sidney

Response:
Like Pattinson and Imray, we agree that Doppler embolic signal detection shows great promise in identifying patients with symptomatic carotid stenosis at high risk of early recurrent stroke. This group of patients may well benefit from more aggressive antiplatelet therapy. It is also possible that the use of the technique, combined with more aggressive antiplatelet therapy to reduce embolization in active embolizers, could allow carotid endarterectomy to be delayed in some patients.
However, based on considerable current evidence, patients with stable symptomatic carotid stenosis should be operated on as soon as possible. It has been clearly shown from analysis from the ECST and NASCET trials that the stroke risk in the first 2 weeks is very high. 1 The metaanalysis that the authors quote showed no difference in the odds of stroke and death after early carotid endarterectomy for established stroke compared with late surgery. 2 The excess risk was only seen in the smaller group of patients with unstable symptoms, ie, progressing stroke or crescendo transient ischemic attacks (TIAs). Therefore, in the majority of patients with a single ischemic TIA, or stroke with small infarct, current evidence suggests that carotid endarterectomy should be performed as soon as possible. In the more unstable patient with progressing symptoms, crescendo TIAs, or a large infarct, transcranial Doppler may well be useful in guiding treatment to allow stabilization before elective surgery. It may also be useful in guiding treatment in patients with stable symptoms and TIA or minor stroke in the many units worldwide where endarterectomy cannot be performed immediately as a result of logistic and resource issues.
In addition, before recommending its widespread implementation, some caution is required. Ideally, it should be shown in a large clinical study that this approach, when implemented on a widespread clinical scale, does allow stroke to be prevented. This will depend not only on the ability of embolic signals to predict stroke, as we have recently demonstrated, but also on the ability of clinical units to reliably implement the technique, including evaluation for embolic signals in real time. Current research studies, such as the 2 cited by Pattinson and Imray, 3, 4 have used assessment of the presence of embolic signals at a later date by a single experienced observer on data stored on digital audiotapes. 
Hugh S. Markus, FRCP
Use of Quantitative Magnetic Resonance Angiography to Stratify Stroke Risk in Symptomatic Vertebrobasilar Disease
To the Editor:
The recent article by Amin-Hanjani and coworkers 1 was interesting, but we believe that there are several flaws in their algorithmic approach. The authors erroneously conclude that distal blood flow reduction, especially in the basilar artery as demonstrated by phase contrast-quantified MRA (QMRA) and surrogate marker presence of distal atherosclerotic stenosis Ͼ50%, effectively allows stratification of patients with symptomatic vertebral basilar disease (VBD) into surgical and nonsurgical groups. We believe this is erroneous for several reasons.
Weintraub and Khoury 2,3 previously reported that neck angulation, ie, hyperextension and rotational movements, induced mechanical compression of the proximal vertebral artery producing significant hemodynamic changes. By using QMRA, low flow, occlusion, and reversed flow were identified in a significant number of patients. Additionally, hypoplastic vertebral arteries were noted in 25% of the cohort, which was also statistically associated with higher incidence of posterior circulation stroke. Thus, symptomatic VBD can be significantly induced by neck positioning, yet this issue was never addressed in their algorithm. Of particular interest is that basilar artery flow reduction occurred in one third (33%) of the hypoplastic vertebral artery cohort compared with less than 20% of the nonhypoplastic vertebral artery cohort. The issue of hypoplastic vertebral arteries was not addressed by the authors. Sturzenegger and Newell 4 feel that even a reversal of flow in the basilar artery is "irrelevant" provided that the perfusion pressure is sufficient.
It is also well known that atherosclerotic plaques by themselves may be an epiphenomena, and thus using this as a surrogate marker may be potentially erroneous.
There are many common causes leading to symptomatic VBD not addressed by the authors that would be of particular interest. It would be informative to know how many patients were female, how many had beauty parlor shampooing in the hyperextended position previous to diagnosis, 5 as well as other significant factors of recent infection, performance of yoga, or neck exercises or chiropractic, and so on.
These comments are meant to be instructive in developing an effective flow algorithm of the entire vertebral basilar system. Risk stratification needs to be accurate and hopefully safe. The authors noted that 2 patients experienced stroke in the surgical cohort. 
Michael
Response:
We thank Drs Weintraub and Khoury for their interest and comments on our recent publication. To clarify, distal blood flow was the basis for our management algorithm. The presence of Ͼ50% stenocclusive symptomatic vertebrobasilar disease (VBD) was not a surrogate marker for stratification within this algorithm as the authors imply, but merely a description of the patient cohort studied with this algorithm. We examined this particular cohort of patients because they represent the population demonstrated to be at high risk of stroke [1] [2] [3] and also most often referred and considered for intervention.
In regard to the hemodynamic changes that may occur with changes in neck position, we certainly agree, and it is well documented, that there are patients who develop vertebrobasilar insufficiency (VBI) as a result of mechanical compression. 4 However, this population is not the patient cohort that formed the basis for the application of our algorithm. We do feel that the use of our algorithm may well extend to such patients, although we have not tested this in the appropriate population of patients with VBI induced by neck rotation or angulation. Measuring distal flow with the head positioned in the posture that tends to aggravate symptoms would certainly be a worthwhile prospective application of the algorithm. Documentation that low distal flow develops under those circumstances would be compelling evidence of mechanical compression as the underlying etiology.
The authors' comment that the issue of hypoplastic vertebral arteries is not addressed is incorrect and reflects a misunderstanding of the underlying premise of our algorithm. Distal flow reflects the status of the proximal vessels. As such, the presence or absence of a hypoplastic artery and its consequences will be reflected in the distal flow measurement.
In regard to the comment that "there are many common causes to symptomatic VBD," we would point out that this should more accurately read "there are many common causes to VBI"; symptomatic VBD in our publication is defined as symptoms in the setting of Ͼ50% atherosclerotic stenoocclusive disease and therefore does not have "many common causes." As noted here, our article sought to address risk stratification in symptomatic VBD. We believe that risk stratification for patients with other causes of VBI will also be attainable with a flow-based algorithm and are hopeful that future work by ourselves and others will expand the use of flow-based clinical decision-making.
Should We Distinguish Between Periventricular and Deep White
Matter Hyperintensities?
To the Editor:
The recent article by DeCarli et al 1 addresses a somewhat neglected aspect of white matter hyperintensities (WMH), the significance of their anatomical location. The authors argue that the commonly accepted categorization into deep (DWMH) and periventricular (PVWMH) WMH is arbitrary, because the 2 are very highly correlated, and a spatial analysis does not reveal distinct populations. We think that this conclusion is premature, because the categorization depends on a number of factors. The first limitation of their analysis is that they examined individuals in their 70s who presented to a specialty clinic, suggesting that the white matter lesions in their sample were at an advanced stage. If an analogy is drawn from cerebral atrophy in dementia, regional differences in atrophy that are present in the different subtypes of dementia become less prominent in the later stages. In our study of WMH in middle age (60 to 64 years), the correlation of DWMH and PVWMH was much lower (rϭ0.621; PϽ0.001; nϭ477), accounting for Ͻ40% of the variance. 2 It is possible that the 2 subtypes of WMH have different but converging trajectories, possibly because of overlapping but not identical risk factors and pathogenesis. Neuropathological differences between DWMH and PVWMH have been reported, 3 which suggest that whereas cerebral ischemia is a common etiological factor, other mechanisms may be differentially involved. In our study, hypertension was a risk factor for both, but diastolic blood pressure (BP) correlated significantly with DWMH, whereas both systolic and diastolic BP were correlated with PVWMH. 4 Homocysteine was a determinant of DWMH but not PVWMH, 5 but lung capacity was more strongly related to PVWMH. 6 The functional significance of the 2 subtypes is also likely to be different. In an earlier study involving stroke patients, 7 we showed that although DWMH accounted for only one third of the total WMH volume, with the other two thirds being PVWMH, it had a stronger relationship with cortical perfusion. Our recent analysis of data from 397 community-based middle-aged individuals suggests that DWMH have a significant relationship with cortical atrophy (rϭ0.15; Pϭ0.003) and ventricular dilatation (rϭ0.18, PϽ0.0005), but PVWMH do not (rϭ0.06, Pϭ0.21; rϭϪ0.03, Pϭ0.56 respectively. 8 There are also demonstrated differences in the effect of DWMH or PVWMH on cognitive function, motor function, 9 and emotions. 10 Therefore, we support the continuing distinction between DWMH and PVWMH, at least for research. In fact, additional anatomical categorization into lobar and arterial territorial regions may be relevant for some purposes. To lump all of the WMH into 1 category will hamper our understanding of their pathogenesis and functional relevance.
Perminder Sachdev, MD, PhD, FRANZCP Wei Wen, PhD School of Psychiatry University of New South Wales and Neuropsychiatric Institute
Prince of Wales Hospital Sydney, Australia
Response:
We appreciate the keen observations of Drs Sachdev and Wen regarding the importance of anatomical distributions of abnormal white matter hyperintensities (WMH) as seen on MRI. In fact, we agree with Drs Sachdev and Wen that the location of WMH is important, but we continue to believe that current categorical definitions of subcortical versus deep white matter are probably inadequate, because they do not have clear biological correlates. For example, the superior longitudinal fasciculus, an anatomically discrete white matter bundle, traverses both periventricular and deep white matter locations. Evolving image mapping methods such as our own 1 and that of Drs Sachdev and Wen 2 offer the unique opportunities for an "unbiased" analysis of the anatomical distribution of WMH throughout the brain, offering the potential for better correlation with anatomically valid white matter structures. Unfortunately, appropriate statistical methods have yet to be developed for this approach. In this regard, we are developing new statistical methods that will take into account the location of WMH relative to important biological and anatomical structures and enable more sophisticated spatial analysis.
The authors raised a second issue related to study differences in subject selection. We have previously shown that total WMH volume is strongly associated with age, and age-related differences increase more dramatically with age after 60 years. 3 As Drs Sachdev and Wen 2 note, the distribution of WMH may also vary with subject age. For example, younger individuals are more likely to have limited WMH abutting the ventricular system with scattered, punctate WMH throughout subcortical white matter. As we suggest, WMH may "coalesce" or merge with periventricular WMH as total WMH burden increases, 1 which could explain differences in relationships shown by Drs Sachdev and Wen 2 and ourselves. Underlying disease will also affect the distribution of WMH. For example, WMH may be more common in the frontal areas of individuals with depression 4 or involve gray matter structures in stroke. Whereas age-related or disease-related differences among various studies may explain some of the differences in reported relationships between WMH location and behavior, we continue to believe that advances in our understanding of the etiology and seminology of WMH will be best served by developing new methods that enable accurate anatomical representation of white matter tracts.
Is Neurointensive Care Really Optional for
Comprehensive Stroke Care?
To the Editor: Expertise matters. The recent recommendations for Comprehensive Stroke Centers (CSC) put forth by the Brain Attack Coalition (BAC) make this argument convincingly using consensus and medical evidence when available. 1 This document represents a landmark in advancing the care of stroke patients and will likely have important policy implications for hospitals, administrators, and regulatory agencies in planning for identification, certification, and management of CSCs. Certainly, this has been the case for the certification of Primary Stroke Centers recently implemented by the Joint Commission on Accreditation of Healthcare Organizations.
Given the important implications of the CSC recommendations, it is unfortunate that the BAC has actually created recommendations that encourage less than comprehensive care for critically ill stroke patients, placing them at risk for less favorable outcomes. Specifically, the BAC has designated neuroscience intensive care units (NICU) and neurointensivists as optional components of a Comprehensive Stroke Center. Moreover, with no supporting evidence referenced, they have indicated that hiring a neurointensivist (and presumably developing an NICU) is likely associated with significant institutional cost. Some hospital administrators would likely see this as a BAC-sanctioned opportunity to reduce the availability of neurointensivists and NICUs (including specially trained neurocritical care nurses) because they will be perceived as costly and optional for certification. Thus, the BAC has created recommendations that may well have a real and potentially dangerous impact on stroke patients.
Why is this a bad idea? Several studies have shown that, in fact, neurointensivists and NICUs save lives and improve the outcome of stroke patients. [2] [3] [4] [5] Additionally, this usually comes with reduced length of stay and cost of care. [3] [4] [5] Throughout the CSC recommendations, the BAC acknowledges the desirability of neurointensive care expertise and neuroscience critical care. Although left out of the CSC document, the medical literature supporting the favorable impact of neurocritical care (compared with general critical care) is more substantial than the literature supporting the favorable impact of a vascular neurologist (compared with a general neurologist). Yet even without strong supporting evidence, the presence of a vascular neurologist seems a reasonable requirement for a CSC. All the more so, given the available data, the presence of a neurointensivist and neuroscience critical care is also a reasonable requirement.
Ideally, every hospital that receives acute stroke patients will create the infrastructure to be certified as a Primary Stroke Center. Many fewer hospitals that are equipped to deal with the most complex cases will deserve CSC designation. We are sensitive to the concern that there may not currently be adequate numbers of neurointensivists to meet the CSC need. However, we feel that the bar should be set high for CSCs, and institutions pursuing this designation should not have the ability to sacrifice care for a mistaken expectation of cost savings. Recognizing that neurointensivists may include neurologists, neurosurgeons, anesthesiologists, internists, and pediatricians with special training
